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The Changing Face of Lung Cancer 



EGFR mutations 

1. COSMIC v51 Release. Jan 2011 
2. Sharma et al Nature Rev Cancer 7, 169, 2007 



Prospective clinical trials comparing EGFR-TKIs to chemotherapy 
in first-line in advanced NSCLC with EGFR mutations 
Author  Treatments  # patients Response 

rate 
PFS (m) OS (m) 

Mitsudomi 
(Lancet Oncol 
2010) 

Gefitinib 
DDP/DXL 

86 
86 

62.1 
23.2 
(p<.001) 

9.2 
6.3 
(p<.001) 

30.9 
NR 
(p=NS) 

Maemondo 
(NEJM 2010) 

Gefitinib 
CRB/PXL 

114 
110 

73.7 
30.7 
(p<.001) 

10.8 
5.4 
(p<.001) 

30.5 
23.6 
(p=NS) 

Zhou (Lancet 
Oncol 2011) 

Erlotinib 
CRB/GEM 

82 
72 

83 
36  
(p<.0001) 

13.1 
4.6  
(p<.0001) 

NA 
NA 

Rosell (ASCO 
2011) 

Erlotinib 
CRB/GEM 
DDP/DXL 

77 
76 

54.5 
10.5 
(p<.0001) 

9.4 
5.2 
(p<.0001) 

22.9 
18.8 (p=NS) 

NR=not reached; NA=not available; NS=not significant 



Mitsudomi et al. Lancet Oncol 11,121, 2010 Maemondo et al. NEJM 362, 25, 2010 

EGFR mutant selected 



Second generation 
EGFR TKI? 

EGFR T790M 

~ 50% 

Non-  EGFR T790M  

~ 50% 

MET 
inhibitor? 

? 
MET 

amplification 

~20% 

Mechanisms of Acquired Resistance 
to EGFR TKIs 

~80% 



 

Cell Line  EGFR  mutation  ERBB2  mutation  K-ras  mutation  Gefitinib IC 50 PF00299804 IC 50 
      
A549  WT WT G12S  > 10 µM > 10 µM 
H441  WT WT G12V > 10 µM 4 µM 
      
Calu-3 WT WT 

HER2 +++  
WT 1.4 µM 0.063 µM 

H1819  WT WT 
HER2 +++  

WT 0.42 µM 0.029 µM 

H1781  WT  Ins G776V, C  WT > 10 µM 0.275 µM 
      
HCC 827  Del E746_A750  WT WT 0.008 µM 0.002 µM 
HCC 4006  Del L747 _E749  WT WT 0.050 µM 0.004 µM 
PC-9 Del E746_A750  WT WT 0.023 µM 0.002 µM 
H3255  L858R  WT WT 0.075 µM 0.007 µM 
      
H3255 GR   L858R/T790M  WT WT > 10 µM 0.119 µM 
H1975  L858R/T790M  WT WT > 10 µM 0.44 µM 

Dacomitinib (PF-00299804) 
in vitro Activity against EGFR, HER2 and KRASmut NSCLC Cell Lines 

• MTS 72-Hour Proliferation Assay; 6-12 wells per assay; all experiments repeated at least 3X 

Engelman et al. Cancer Res. 2007;67:11924. 



Dacomitinib - response 

P. Janne….G.Giaccone, ASCO 2009 



Case Presentation 

 52 y/o AA male  
 Never smoker 
 Diagnosed with NSCLC adenocarcinoma 
 Stage IV, multiple lesions in LLL and RUL 

– No Past Medical History 
– No Family History 

 
– Treatment:   

 carboplatin/paclitaxel/bevacizumab 
 8 cycles, initial Partial Response (PR) then Progressive Disease (PD) 

 erlotinib 150 mg PO daily, (6 weeks)  PD 
 Referred for evaluation at NCI 

 
 



Treatment Course 

 Screened for Dacomitinib trial:  
 KRAS wild type (wt) 
 [EGFR wt] 

 
 Enrolled on trial Dacomitinib for patients who have 

failed EGFR TKIs 
 

 Started on Dacomitinib 
 45 mg PO daily 



Pretreatment and after 4 cycles of Dacomitinib 



Serum HER-2 levels at baseline and through 4 cycles of 
Dacomitinib therapy 



         Stain Tumor for Her2/Neu 

HER2/Neu   FISH PATHOLOGY 

 IHC    2+ 

 
 

 Her2/Neu  Amplified 
 Cells counted 20 

 HER2 = 10.3 

 CEP17 = 2.4 

 HER2/CEP17  Ratio:   4.3 

 
 

Kelly R & Giaccone G JCO 2010 Oct 1;28(28):e507-10 



Follow-up treatment 

 Trastuzumab – tumor progression 
 Trastuzumab/vinorelbine – partial response > 1 

year 
 Progression 
 Lapatinib – partial response on lung lesion, but 

progression in neck lymphnodes 



Old Lung Tumor  
SI-10-0625 

ALK-negative 
14/300 cells (<5%) showing split ALK red/green signals 
GAIN (extra copies) of wt ALK: 3-5 copies/cell 



Recent Left cervical LN (biopsy) 
NIH 2011 
 

Heterogeneous population of tumor cells  
 
•ALK rearranged in 62/300 cells scored (20%) 
•High level of wt ALK >4 (4-20 copies) amplification detected in 
40% of tumor cells 
 

•HER2 amplification – average number of HER2 copies-9.2/ 
CEP17-2.6/RATIO 3.5   



SI-11-514 

SI-11-514 LN R NECK  
ALK BA Abbott 



SI-11-514 

 
ALK BA Abbott    SI-11-514 LN R NECK  

Rearranged 
(19%) 

Amplified 



SI-11-514 LN R NECK  

 

HER2 amplification  
(9.2 HER2 copies/cell average) 



Follow-up treatment 

• Trastuzumab – tumor progression 
• Trastuzumab/vinorelbine – partial response > 1 

year 
• Progression 
• Lapatinib – partial response on lung lesion, but 

progression in neck lymphnodes 
• Lymphonodes positive for ALK translocation, 

amplification and Her2 amplification 
• Progression on crizotinib 
• Response on lapatinib and capecitabine 



Durable SD (3 years +; 50 cycles +) 

adenocarcinoma, female, never-smoker, bone mets; 1 chemotherapy regimen, 
6.5 m erlotinib; 10 m alpha-glactosyl transferase vaccine 



EML4-ALK Translocations in NSCLC 

   EML4-ALK 
frequency: 

~4% (64/1709) 

     Primarily lung 
adenocarcinoma 

Soda et al., Nature 448: 561-566, 2007  



60 

40 

20 

0 

–20 

–40 

–60 

–80 

–100 

Progressive disease 

Stable disease 

Confirmed partial response 

Confirmed complete response 

M
ax

im
um

 c
ha

ng
e 

in
 tu

m
or

 s
iz

e 
(%

) 

–
30% 

Tumor Responses to Crizotinib for Patients 
with ALK-positive NSCLC 

*Partial response patients with 100% change have non-target disease present 

* 

● Objective response rate : 57% (95% CI: 46, 68%) 
● Response duration: 1 to 15 months  
● DCR† (CR/PR/SD at 8 weeks): 87% (95% CI: 77, 

93%) 
 

Bang Y et al ASCO 2010 



Main patient characteristics 

 NSCLC screened = 1500 
 NSCLC with Alk translocation = 82 + 2 
 Male 52% 
 White 56%, Asian 35% 
 > prior lines  41% 
 Adenocarcinoma 96% 
 Never-smoking 76% 

 
Kwak EL et al NEJM 363, 1693, 2010 



Predicted Crystal Structure of the Kinase 
Domain of ALK and Resistant Mutants 

Choi YL et al NEJM 363, 1734, 2010  



TAE684 is more potent than Crizotinib 

Li Y et al. Noeplasia 13, 1, 2011 



Responses to IPI-504 (HSP-90 inhibitor) 
in ALK + NSCLC 

Sequist LV et al. 28, 4953, 2010 



Significantly mutated genes in 
adenocarcinoma of the lung 

Ding et al. Nature 455, 1069, 2008 



NSCLC  EGFR gefitinib/erlotinib    
NSCLC  Alk crizotinib    
CML BCR-ABL imatinib/dasatanib    
GIST c-Kit/PDGFR imatinib/sunitinib    
CMML PDGFR-b imatinib    
Breast cancer Her2 trastuzumab/lapatanib    
Gastric cancer c-MET PHA-665752*    
Gastric cancer FGFR2  AZD2171*   
Melanoma B-Raf PLX4032    
Melanoma Her4 lapatinib *    
Basal cell carcinoma PTCH1/SMO GDC-0449  
 

Tumor type Mutated/amplified kinase Drug 

* Pre-clinical data only 
”Addiction” to mutationally activated kinases can be faithfully  
modeled in cell culture. 

 “Oncogene addiction” may explain clinical 
responses to many kinase-targeted therapeutics 



“Drugging” the genome in NSCLC 

EGFR

Alk 

Her2
Mek1
PI3K
PDGFRa
BRAF
Met

others

K-Ras 
LKB1 
Others 
Unknown 

Never-smokers 



Molecular Profiling of Thoracic 
Malignancies 
 Eligibility 

 Advanced, non-resectable NSCLC, SCLC and thymic 
malignancies. 

 Tissue Requirements: 
 Biopsiable disease 
 Adequate archival material 
 Previously performed molecular profiling 

 ECOG ≤ 2  
 Normal organ and marrow function 



A = re-biopsy 

 
A 

Biopsy and 
molecular  
profiling 

EGFR  
Mutation* 

RAS, RAF,  
MEK 

 Mutation* 

PTEN 
PI3K, Akt  
Mutation* 

ERBB2 
Mutation 

or  
Amp* 

KIT, 
PDGFR-A  
Mutation 

or 
Amp* 

Other* 

Erlotinib 
AZD6244, 

MEK 
inhibitor 

MK2206 
PI3K 

inhibitor 
Lapatinib Sunitinib 

Available  
study 

Disease 
Progression 

 
A 

Yes Yes Yes Yes Yes 

No No No No No 

Patient selection: 
Molecular + 
NSCLC, SCLC and 
thymic malignancies 
 
 
Treatment: 
Targeted therapies 
 
 
 
 
 

 

NCI / CTEP protocol 8639  

Biopsy 

FFPE Core 1 
Raffeld’s Lab 

Pack’s Lab 

EGFR, KRAS, 
BRAF 

FFPE Core 2 
Meltzer’s Lab 

Frozen Core 3 
Giaccone’s Lab 

AKT1, AKT2, 
BRAF, EGFR, 

ERBB2, HRAS, 
KIT, KRAS, NRAS, 

PDGFRA, 
PIK3CA, PTEN 

Exploratory 
Analyses 

FISH: ERBB2, 
PIK3CA, 

PDGFRA, ALK 

Full exome 
sequencing 

Molecularly Targeted 
Treatment of Advanced Thoracic Malignancies  



Study Size 

 600 Patients 
 5 years 
 Each patient may undergo repeat biopsies 
 Close collaboration with Interventional Radiology 

and surgery imperative for the study to succeed 











Patient accrual 

First patient enrolled February 8,2011 

Number of pts. screened 106 

Number of pts. consented 98 

Screen failures 2 

Average number of pts/week 4 
Patient accrual rate 



Baseline patient characteristics 
Patient characteristics n 

Gender : M / F 45/53 

Age: median (range) 59 (24-84) 

Ethnicity: 
Caucasian 
African-American 
Asian 
Hispanic/Latino 

 
70 
13 
12  
3 

Smoking Status  
Former  
Never 
Unknown 
Current                

 
60  
34 
1 
3 



Prior systemic treatments n 

One 37 
Two  18 

> Two Three 25 
Previously untreated 18 

Smoking status of NSCLC patients 

Former 47 
Current 3 
Never 18 

ECOG performance status 

0 13 
1 73 
2 11 
3 1 

Baseline patient characteristics 



Tumor types 

Histology n 
Non-small cell lung cancer 

Adenocarcinoma 
Squamous cell 
Adeno-squamous  
Large cell  
NOS 

68 
53 
8 
2 
2 
3 

Small Cell lung cancer 4 

Thymic tumors  
Thymoma 
Thymic carcinoma 
Thymic neuro-endocrine 
tumor 

26 
19 
5 
2 



Tissue collection and complications 
Tissue Collection-Site           

Lung 33 
Lymph node 17 

Soft tissue/Skin 9 

Liver 4 
Mediastinal mass 5 

Pleural fluid 7 

Kidney 2 
Adrenal  1 
Brain 3 
Thymus  4 
Diaphragm  1 

Trachea  1 
Bone 2 
Endo-bronchial tumor 1 

Pending tissue collection  8 

Tissue Collection- Complications 

Pneumothorax 3 (One Grade2 and two 
Grade 1) 

Pulmonary hemorrhage 2  (One Grade 2 and one 
Grade 3)  

Vocal cord paralysis 1 (Grade 1) 

Dyspnea 1 (Grade 1) 

Hypoxia 1 (Grade 2) 

Tissue Collection- Methods 

New Biopsies 
Interventional 
Radiology 
Surgery   
Bronchoscopy 

61 
44 
16 
1 

Archival material 32 

Pending    8 

Screen failures  3 



Molecular profile according to tumor type 

EGFRm KRASm BRAFm HER2 
ampl 

EML4-
ALK trl 

None 

NSCLC 12 18 1 3 9 46 

SCLC 0 0 0 0 0 4 

Thymic 0 0 0 1 0 25 



 
 

Treatment arms and responses 
n PR SD PD NE 

 
Erlotinib 

NSCLC 3 2 1 0 0 
SCLC 0 

Thymic tumors  0 
 

AZD-6244 
NSCLC 6 1 2 2 1 
SCLC 0 

Thymic tumors  0 

 
Lapatinib 

NSCLC 3 0 0 3 0 
SCLC 0 

Thymic tumors  0 

 
MK2206 

NSCLC 0 
SCLC 0 

Thymic tumors  0 

 
Sunitinib 

NSCLC 0 
SCLC 0 

Thymic tumors  0 
  NE: Not evaluable 



Advances in massively parallel technologies have dramatically reduced the cost of 
sequencing. 

MacConaill L E , Garraway L A JCO 2010;28:5219-5228 

©2010 by American Society of Clinical Oncology 



Progress in Sequencing the Human Genome 

• 2000 
– 12 years 
– 1.800,000,000 USD 
• 2010 
– 12 days 
– 20,000 USD 
• 2011 
– 5 days 
– 5,000 USD 



 re-
biopsy? 

BRCA1/2 
 mut+ HRD+ 

KRAS/ 
BRAF 
mut+ 

IL6/HIF/ 
ARID1A 

Mut+ 
ERBB2 Other 

Platinum 
+/- PARPi 

Platinum 
PLD 

PARPi 

RAFi 
MEKi 

Anti- 
angioRx 

Trastu-ab 
lapatinib 

Available  
study 

PD 

Y Y Y Y Y 

N N N N N 

Profile-driven targeted therapy selection 
Application to epithelial ovarian cancers 
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